SUMMARY All women in Nijmegen, The Netherlands, with a histological diagnosis of severe dysplasia, or carcinoma in situ, or invasive carcinoma were investigated to see whether they had participated in a population screening programme. Within two years of diagnosis of a negative cervical smear, 45 women were found to have histologically confirmed severe epithelial abnormality of the cervix. From the same population as these apparently false negative cases, the number of true positive cases was available, and hence the sensitivity of cervical screening for severe dysplasia, or carcinoma in situ, and invasive carcinoma could be assessed. This was found to be 83% after two years. The laboratory procedures which led to the high sensitivity for the cervical cytodiagnosis were analysed.
Over the past 30 years the false negative rate in cervical cytodiagnosis has been the subject of numerous studies. Estimates for the false negative rate range from 2 to 55%.1-10 For a long time the large number of false negative cytological diagnoses was a major obstacle to the acceptance and large scale implementation of cervical cancer screening programmes.
In most studies only the screening history of women with invasive cancer of the cervix was reviewed. To determine with maximal possible accuracy the sensitivity of the cytological diagnosis, however, the total number of women from the same population, in the same time period, who were cytologically tested and confirmed to have severe intraepithelial neoplasia or invasive cancers ("true positives") should be known as well. Theoretically, histological examination of each cervix examined cytologically would be needed to calculate the true sensitivity. As this is clearly impossible the sensitivity has to be estimated in an indirect way. A feasible and acceptable procedure is to follow up all women with a negative cervical smear, provided the follow up is sufficiently long. In the Nijmegen population screening programme, during the years 1976 to 1985 all women aged 35 to 55 were invited every three years for a cervical smear. We had the opportunity to trace Accepted for publication 4 September 1986 all women with negative cytology who subsequently developed a severe epithelial abnormality.
Patients and methods
Since 1976 a screening programme for cervical cancer for all women aged 35 to 55 years has been in progress in the city of Nijmegen and adjacent communities in The Netherlands. The Nijmegen region comprises 735 000 inhabitants. About 88 000 women were invited to participate. Smears were taken every three years. Overall attendance rates were 74% and 67% in first and second screening, respectively.
A single cervical smear was taken with a slightly modified pointed Ayre's spatula. The specimens were obtained by trained sample takers. The smears were processed at the cytopathology laboratory of the department of pathology, University of Nijmegen, and screened by experienced cytotechnologists.
In cases of abnormal cytological findings the general practitioner was informed, who was then responsible for the follow up. If cytological findings were consistent with severe dysplasia, carcinoma in situ, or invasive cancer referral to a gynaecologist was recommended. In cases of cytological diagnoses consistent with mild or moderate dysplasia the general practitioner was requested to take a repeat smear after six or three months, respectively. The laboratory checked to see whether the advice had been followed, and if not, the general practitioner was again con-False negative rate in cervical cytology tacted. Cytology reports were graded as follows: grades I and II, no or slight abnormalities; grade IIIA, mild to moderate dysplasia; grades IIIB and IV, severe dysplasia and carcinoma in situ; grade V, invasive cancer. Mild dysplasia corresponds with CIN 1, moderate dysplasia with CIN2, and severe dysplasia or carcinoma in situ with CIN3 (table 1) .
To analyse the validity of the smear this classification was arranged into two categories. Those smears of which the report recommended no further follow up (grades I and II) were considered to be negative and those smears for which the report requested an immediate repeat smear or a histological examination (grades IIIB, IV, and V) were considered to be positive. Women with a diagnosis of mild or moderate dysplasia were not included, because a follow up smear was advised within three to six months. To estimate the sensitivity of the cervical smear information has to be obtained on the number of true positive results and the number of false negative results. True positive results are all positive smears for which a cytological diagnosis of severe dysplasia, carcinoma in situ, or invasive cancer is confirmed by histological diagnosis: in other words, the number of test positive results minus the false positive diagnoses. These data can easily be obtained from the follow up registration of the screening programme. The ratio between the number of true positive and test positive results is the predictive value of a positive test.
To calculate the number of false negative screening results we made use of a cancer registry. This registry was kept for all women with a tissue diagnosis of severe dysplasia, carcinoma in situ, or invasive cancer of the cervix." Tissue diagnoses were obtained by histological examination of biopsy specimens taken through a speculum, biopsies directed by colposcopy, or cervical curettings-sometimes, directly after a . In total, 120 223 smears were made. Of these, 319 smears were classified as positive and 119087 smears as negative. In 817 women the cytological findings were consistent with mild or moderate dysplasia. The follow up results of these women will be evaluated in a separate study. In 20% of women with a cytological diagnosis of moderate dysplasia severe abnormalities confirmed by histological examination were subsequently discovered.
In 235 (74%) of the 319 women with positive results cytological findings were confirmed by tissue diagnoses and were therefore regarded as true positive results. In 76 smears (24%) cytological diagnosis was not confirmed, and these smears were regarded as false positive results. In 32 of these, several repeat smears did not show any epithelial abnormalities. In 44 women histological examination was carried out. In 18 women who had a hysterectomy and in three women who had a cone biopsy histology did not show severe abnormalities. In 16 women two or more biopsies directed by colposcopy were obtained before the cytological result was regarded as false positive. In two women a blind biopsy, followed by negative smears, did not confirm the positive cytology. In five women cervical curettings, followed by negative smears, did not confirm the positive test result. In nine (3%) follow up data were not available (table 2) .
From these data the predictive value of the positive test results could be computed by calculating the ratio between the number of true positives and test positives. In the first period the predictive value was 82%, whereas in the second period it was 67%. The value in the second period is lower because of the lower preva- lence of epithelial abnormalities in the second period (Bayes' theorem 2). Histologically confirmed cases of severe dysplasia, carcinoma in situ, and invasive cancer, diagnosed after a given interval after a cytological smear had been diagnosed as negative, were considered to be missed positive results (table 3) .
Sensitivity of cytological screening for the detection of these three epithelial abnormalities was calculated separately and as a group at 24, 36, and 48 months of follow up (table 4) .
Sensitivity was relatively high when only invasive cancers were considered to be false negative in the analysis of diagnosis after 24, 36, and 48 months. Sensitivity figures were 99%, 98%, and 97%, respectively.
A screening programme, however, should not only be directed towards the detection of invasive cancer but should also include the detection of severe epithelial abnormalities, which can be considered as potential precursors of cervical carcinoma. Sensitivity figures were therefore calculated for a broader spectrum of epithelial lesions than was the case in earlier reports. When all severe epithelial abnormalities (severe dysplasia, carcinoma in situ, and invasive cancers) diagnosed within 24, 36, and 48 months after a negative smear was made, were defined as false negative results, the sensitivity was calculated to be 94%, 89%, and 84%, respectively. When only carcinoma in situ and invasive cancers were considered, sensitivity figures after 24, 36, and 48 months were 95%, 92%, and 89%, respectively. van der Graaf, Vooijs department of pathology of this university are time consuming, they have been successful. The smears in the population screening project were made by experienced cytosmear takers. Some of them take more than 3000 cervical smears every year. The number of unsatisfactory smears and the number of smears without endocervical columnar cells is evaluated for each cytosmear taker and compared with the results of the other samplers. When the number of unsatisfactory smears or the number of smears without endocervical columnar cells is too high, the reasons for the lower quality are analysed and new instructions are given.14-16 In this way sample error can be considerably reduced.
Increasing sensitivity by taking two samples at a time, as has been suggested, was considered to be too expensive,7 17-20 because it increases screening time by about 60%, and other measures to increase the quality of the smear were as effective.
Follow up results were registered by the laboratory, and if no follow up data became available the reasons for this delay were traced and the general practitioner was contacted. In the past the follow up of cases of mild, moderate, and severe epithelial abnormality has been monitored. This work was time consuming but was very worthwhile as more than 90% of the recommended follow up was completed.
In cases with minimal changes and slight epithelial atypia the compliance with the advised follow up (a repeat smear after one year) was not checked by the laboratory. In only 27% of these cytological diagnoses was follow up spontaneously done. In future, the follow up of these smears may have to be monitored by the laboratory as well, as these women have a considerably higher risk of developing cervical abnormalities.2' Other workers have noticed the problem of the incomplete follow up as well. Recently Elwood et al reported that of 1062 women with cytological diagnoses consistent with invasive cancer and other highly atypical and moderately atypical abnormalities, only 628 (59%) had been followed up satisfactorily. 22 Ellman et al reported that of 100 women with invasive cancer of the cervix, 13 with a cytological diagnosis of suspected cervical cancer had not had adequate follow up.23
The smears were screened by experienced cytotechnologists, who examined smears from the population screening programme as well as those submitted by the hospital and family physicians. The daily workload was set at an average of 25 cases a day; quite a lot of time was spent on education. All smears with false negative results and obviously underestimated diagnoses are rescreened and used for discussion by the whole group.
In The Netherlands a cervical smear is recommended every three years for women aged between 35 and 55. Our results show that this policy works well. Many authors base the length of the recommended interval on the high percentage of false negative smears in women with invasive carcinoma.6 24-27 We do not consider this to be a proper procedure. It is well known that taking a satisfactory cervical smear from women with invasive carcinoma is more difficult because of the admixture of blood, necrotic material, cellular debris, etc.2425 An epithelial abnormality may only be represented by a small number of abnormal cells and can easily be missed.
To reduce the problem of false negative diagnosis quality control of the taking of the cytological sample and the cytological diagnostic procedure is important. To reduce the consequences of false negative results it may be advisable to make a repeat smear quite soon after the initial smear-for example, after one year. After two negative smears a longer interval of three years or even five years seems justified.28 The interval should be based on the total period entailed in the genesis of a cervical cancer and on the precursor lesions of invasive carcinoma. Some authors have calculated the average interval between mild, moderate, and severe dysplasia and carcinoma in situ to be three to four years.29 30 Using a three year interval, the possibility for the diagnosis of a preclinical non-invasive epithelial abnormality is greatly increased, provided the quality of cervical cytology is well controlled and the series of cervical cytological examinations is started within five years after the start of regular sexual contact.
